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(54) IHk: GRAM-NEGATIVE BACTERIAL VACCINES 
(57) Abstract 

There is provided by this invention a novel method of preparing Gram-negative bacterial vaccines. The method comprises 
providing a concentrated Gram-negative bacterial antigenic preparation, adsorbing the preparation with a mineral carrier cap- 
able of binding free-endotoxtn in the antigenic preparation in an amount effective to produce optimal binding of endotoxin and 
antigen and diluting the adsorbed preparation for use in a vaccine. Also provided by this invention is a vaccine produced by the 
method of this invention. Also provided by this invention is a Gram-negative bacterial vaccine wherein the improvement com- 
prises a concentration of mineral carrier in the vaccine which is less than 5.0 % v/v. Also provided by this invention is a Gram-ne- 
gative bacterial vaccine comprising a mineral carrier wherein the amount of the mineral carrier in the vaccine has been predeter- 
mined by the method of this invention. Also provided by this invention is a method of vaccinating an animal against Gram-nega- 
tive bacterial infections comprising administering to the animal an effective amount of a vaccine of this invention. 
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GRAM-NEGATIVE BACTERIAL VACCINES 
Fidd of the Invention 

The invention relates to the field of Gram-negative bacterial vaccines and 
their method of p ro d u cti on . 
5 Background of the Invention 

Vaccines made from Gram-negative bacteria have a well known tendency to 
cause endotoxk shock. This may result in abortion or death. Gram-negative 
bacteria release endotoxin from their outer membrane to a slight extent while they 
are alive, and dividing, tot to a far greater extent during and after their death. 
10 Bacterial endotoxin is naturally present in tap water, where it is called pyrogen. To 
avoid the induction of fever, pyrogen-free water for injection is prepared by 
distillation or other methods of purification. In man die injection of as little as one 
endotoxin unit (EU) (approximate 0.1 nanogram, or 10~ 10 gram) may cause a 
ttansient rise in body temperature. In man and other animal, larger doses cause 
IS endotoxk shock and death. 

The rabbit is similar to man in sensitivity to endotoxin, and the rabbit 
traditionally has been used to test human injectable products for pyrogenicity. Most 
other animal species are less sensitive. Horses and pigs are considerably more 
sensitive than most laboratory rodents. Thus, in the laboratory, only the rabbit is 
20 suitable for testing die endotoxk activity of veterinary injectable*, although mice 
can be made relatively sensitive with drugs that alter macrophage function. 

In endotoxin assays, the rabbit has largely been replaced by an in vitro test 
that is even more sensitive, litis depends on die action of endotoxin on a fluid 
extracted from the horseshoe crab (Limulus amebocyte lysate, or LAL). The 
25 addition of endotoxin in trace amounts causes LAL to gel. Before the gel develops, 
die transparency of LAL changes in a way that can be measured by a 
spectrophotometer as increasing optical density. 
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H» free-endotoxin content of adores of Granniegatrve lacwi*. killed » 
nuto vaccine*, series «*«dii« » die ikffl rf the namifi^ One mL may 
contain as Hole as 20 inicrograms a x 10-5 gnmi) or at much u cue mflligrain 
(Ingram). Vaccine ntakera have iisedse^ 
5 One involvef hsrvesting the bacterial cells, by ccntrifuging or filtering, and 
dfccaatouriheena^ Another involves adsorbing the wlt^ 

with insoluble aluminum (AQ or calcium compounds (carriers) inch as aluminum 

hydroxide gel (Al gel). 

Adsorbing with Al gel tends to remove most of the fte**ndotoxin from 

10 solution. Some manufacturers aUow^ 
prodoctt that lire absorb 

to ignore the matting fae^doaadn. The bacteria may not be adsorbed to the 
gel. in which case they usually sediment, leaving the supernatant fluid dear. 
DecandngfcKto^ 

15 Whether the bacteria have been harvested from the culture, or scdimenting 

has taken place after adsorbing with an aluminum or calcium compound, the 
materials are then usually rewspended m a sfanjte * 

buffer solution). Assays wffl then usually show a disappointing decrease in free- 

eadotonm content; the change fa miich tern than calculi 
20 oniesiispension. Thfcfcbeeanm 

gnrmce. and loosely bound endotoxm 

The two processes are sometimes com^ 

the culture mediramresuspeaied fa a Ithasbeen 

shown that adsorbing aa^eow suspeiisions tf 
25 amountaofAlgelpro(hux8anundesh^ For example, when an aqueous 

guspenskm at Salmonella choUraauis was adsorbed wim Al gel, 25% vM there 

wastmctetectabtefiee-endotcodnl^ 
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against S. choUraesuis was almost completely eliminated As soon as the gel began 
to settle, the supernatant fluid was crystal clear, denoting total adsorption. 

It was concluded from these observations that a simple aqueous fluid, 
virtually free of culture medium, would not use up any of the binding capacity of 
die gel. This would leave the gel in a highly avid state so that anything bindable 
would be very tightly bound* Thus, all endotoxin was removed from solution but 
apparently the bacteria were too tighdy bound to be released after injection. This 
evidently interfered with immunization. The observation was repeated with an 
aqueous suspension of killed Pasteurclla multocida cells containing toxoid. After 
adsorption with Al gel, 25% v/v, there was no detectable free -endotoxin but the 
preparation had a drastically diminished power to induce neutralizing antitoxin in 
guinea pigs. 

The above demonstrates the two extremes of a range of conditions. Atone 
extreme, where Al gel is added to a whole culture, die peptones, and other 
proteinaceous solutes in the culture fluid, saturate die binding sites cm die gel so that 
a lot of material, including fiee-endotoxin, is bound loosely or not at all. At the 
other extreme, where Al gel is added to an aqueous suspension of bacteria, there are 
almost no proteinaceous solutes to react with the gel and it remains fully avid, 
tightly binding everything with an affinity for the gel* particularly endotoxin and 
bacterial cells. In tins condition, the tighdy bound bacteria and their antigenic 
products are not free to interact with die cells of a va c cinat ed animal's immunity 
system, and immunization is poor. 

Thus, there is a need for a method that produces a condition between the 
extremes of the observed range, where the binding power of die Al gel would be 
moderate and the adsorption optimal Most of the endotoxin would be firmly 
bound, making die vaccine safe, but die binding of bacterial cells and antigens 
would be loose enough to allow good immunization. This optimal condition would 
be achieved by suspending the bacteria in a dilution of die culture medium that 
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thetcnnaffinilyHnodulalcdadsoiptkfflpio^ 

Experiments that Etc the hallmark of AMAP® in its original form were 
co^ keeping to a—**" * * ^ con, ft n, in thi. case 25* 

eo i^ of tte titrate 

20 and500BUi permL, aaassayedby AeLAL method. 

Expcri ^wiAanumbcrtrfOrBn>n C ga^ 
c^Jeraeri*. Bo^ferefla bronchiseptico, and />a«<*refla mu/todda, showed that, in 

Bedium was domed to give a cod cooeentndoo of peptone, and other 
pjc *^ M ma«i* of about l*w*. This usually required dunting the culture 
medinmby a fe ctorof2^to33. Vaccination of animal* with the AMAPGMrcated 
m ^c*nfihnedthatto 
15 cvideitceafreacdousioendotoxhu 

Tto Sn^hKline Beechare Animal He^ 

Atrob *c3(bordetella.pa^ 

aaophic rhinitis and erysipelas in .wine, b tte fin* commercial 
AMAP®. The process is applied to the two Gram-negative components, bordetella 
20 and pastemella. The product has achieved a gc«i reputation te effic^ «d 
freedom fiom systemic reactiviry (endotoxic ihockX 

Ttee are other methods of controlling free^ndotoxin in Gram-negative 
taceria, OnecoiishwofainMaJkalinehy^ For example, a culture may be 
1|r nr „ ^ .^i ■ »w rf 10. This rreatxnent iosctivares the eridotoodn but also 

25 o^stroysinairy bacterial antigen 

Another ir^dicdUrairiyetrec^ It consists of 

,te TO ofghitaraldehydetoinacdv^ Ototanu^ydeisapotentcroas- 
finking agent and it binds most of the endotosin in die culture. After inactivauon 
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with glutaraldehyde, bocdctdla cultures have a frte-endotoocin content of roughly 1 
« microgram (10"* gram) per mL Glutaraldehyde, however, can be used only in 

cultures in synthetic growth media. In natural media the proteinaceous solutes bind 
the glutaraldehyde and prevent its action on the bacteria The use of glutaraldehyde 
5 to make safe bordetella vaccines is described in U.S. Patent No. 4,888,169, issued 
December 19, 1989. "Bordetella bronchiseptica vaccine.*') 

The original version of AMAP® ( AMAP® , Mark 1 ) is characterized by the 
titration of culture medium against a conventional amount of Al gel to optimally 
modulate the avidity of the gel. AMAP®, Mark 1, fulfilled the objective of 

10 eliminating endotoxic shock without decreasing antigenic potency. 

Investigators in this area have recently become acutely aware of a serious 
problem with all bacterial vaccines containing conventional amounts of Al gel 
(roughly 10 to 25% v/v), regardless of AMAP® but including products made by 
AMAP®. These vaccines produce what is called a depot effect The Al gel, or 

15 other mineral carrier, is not readily metabolized, and so it tends to remain in the 
tissues at die injection site. The bacterial cells and metabolic products adsorbed to 
the gel are then trapped in the tissues. There they induce chronic irritation leading 
to granulomas, abscesses, and ultimately scarring. This is especially serious when 
the vaccine is injected into the muscle of an animal raised for meat At slaughter the 

20 affected cut of meat is often condemned and lost This is called trim loss due to 
carcass blemish. The emergence of the injection-site-reaction problem plainly 
indicated that a new version of AMAP® was needed that would not cause 
appreciable local reactivity. 
Summary of the Invention 

25 There is provided by this invention a novel method of preparing Gram- 

negative bacterial vaccines comprising providing a concentrated Gram -negative 
bacterial antigenic preparation, adsorbing the preparation with a mineral carrier 
capable of binding free-endotoxin in die antigenic preparation in an amount 
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e^ve* produce optimal 
.d^pn^arationf*^ 

te vaccine is less than if the mineral earner had teen ^ to « iHKxmcenwied 
antigenic preparation or »ihefia«vsccs». 
5 Atoprovidedbylbiaiin^ 



FbTlber provided by to invention is a dam-negative bacterial vaccine 
whercin tie improvement comprise, a concentration of mineral carrier in the 

vaccine which is less than 5.0% v/v. 
10 Furtber provided by this invention is a Gram-negative bacterial vaccine 

compril dng a mineral carrier wherein me amount of the mineral carrier in the 
vaccine baa been pxeo^tennined by a method cm 

Gram-negative bacterial antigenic preparation, adsorbing the preparation with a 

mineial canier canable of Wna^ 
!5 aniemmefiectivemprodna 

tteadsorbedpreparationfc 

in the valine is leas fcan if to 

antigenic preparation or to the filial vaccine 

Further provided by this mvention is a method of vaccinating an animal 
20 against Gramniegative bacterial m 

an effective amount of a vaccine of this hrvention. 



This invention solves the afiarementioned problem in the prior art methods- 
According to mnt invetmon, endotoxin can be controlled in concentrated antigenic 
25 pnmaratiousofGtam-ne^ 

^faoalcarrier to the antigenic preparations. When the preparation is diluted with, 
e^v^cc saline mtte density requh^ 

nu^al carrier is substantially reduced and the endotoxin surprisingly remains 
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firmly bound. The vaccines produced by the method of this invention have proved 
to have good efficacy, excellent systemic safety, and only slight injection-site 
reactivity in vaccinated animals. 

"Concentrated Gram-negative bacterial antigenic preparation" as referred to 

5 herein means antigenic preparations that have a much higher antigen content than 
die final vaccine. Generally, the concentrated preparation has an antigen 
concentration at feast about ten times higher and preferably forty to fifty times 
higher than the antigen concentration of the final vaccine. The upper limit on 
concentration is governed by abilty to work with the preparation, Lc, it should not 

10 be so thick that it is difficult to work with. The lower limit is governed by die 
desire to reduce die final concentration of mineral carrier in the vaccine. In some 
cases, die unconcentrated culture fluids or their fractions will meet this criterion 
without reseat to concentration. However, in most cases the fluids must be 
concentrated Tlttse can be prepared by centrifugation or others methods known to 

15 those in the art The more the antigenic preparation is concentrated, the more it will 
be diluted during assembly of the vaccine and the lower the concentration of carrier 
in the final reconstituted vaccine. The preferred concentration of the bacterial 
antigenic preparation is such that when the preparation is adsorbed and assembled 
into a final vaccine the mineral carrier concentration will be less than 5.0% v/v and 

20 preferably less than 3.0% v/v. 

Surprisingly, Gram-negative bacterial antigenic preparations include for 
example, whole bacterial suspensions as well as bacterial extracts, and bacterium- 
free culture fluids. In die past, AMAP® was demonstrated to be suitable for whole 
bacterial preparations only. 

25 Examples of Gram-negative bacteria that can be used in the invention 

i nctade, S almonella, £. coli, Shigella, Campylobacter, Fusobacterium, Bordetella, 
Paiteurdla, Actinobacillus, Haemophilus and Histophilus. 
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wonnnc 

Suil abteiimier»l carriers* 
cf Oram^ve bwaeria. Be»pfcs include aluminum hydroxide, aluminum 
jbttpha*. „ dm. cr calcium phospba*. The mineral wrier is added to the 

caa6es ^ ss i antigenic p*3«=** * ffi 8aM * wt * "*"" ** 

5 concentration of fre*e*k*«m m tr* rnineral carrietfcntigenfc prepanmoo. 

Ef fe c ti vc amou«rncam l «r*a^ 
^fiee^ndocoxteioaaafclevdio^ 

to antigen, too rightly and thereby inhibit me antigenic stimulus. The 
effective amount represents a «mn*cmise between nucmnwlecular excess and 
carrier excess. This balance is indicated by a fiee^afaoxm levw m me adsc*bed 
peparatk* of about 20 to about 1(X» 
EU per dose. 

The figure 20to 500 EUpermlhasno relevance to the final vaccine. 

Geaerauy.tbetree-e*^ 
!5 upon the influence of others 

find vaccine and stffl be acceptable. The increase is probably attributable to 
cndoto ^ displaced fitm me gel b^ 

posMves. viruses etc.). This is not believed to afiectsafety as it has been shown that 
nuBt domestic aniinals can 

20 10000 EU per mL 

Doring vaccine developing the degree tf c - 
pjepgxation it established, and the amount of mineral carrier is detennined on 
aevcml experimental batches. This sets me imnwtkm of carrier mbeaddedtothe 

e o nce anio during mmnfactoic. 
25 The antigenic preparation is the agent that modnlatea the avidity of the 

ntineral carrier by its constituent molecule, attaching to the binding sites of the 
canfcr or competing tor binaln^ Thistakes 
place white the carrier is being The avidity mat remain, detent 
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much endotoxin gets bound and bow tightly. The more carrier that is added, the 
more ftee binding rites are left and the less free endotoxin you can assay at the end. 
Where earner is added beyond the endpoint, an excess of binding sites develops and 
■B magQfliofeCBles wish an affinity fcr the carrier will be tightly bound. Free- 

5 endotoxin will be zero but the binding of antigens may be so tight as to inhibit the 
antigenic stimulus by the specific immunogens. 

In the method of this invention, when bacterial cells are used, generally at 
least 90* of the culture medium is discarded while concentrating. Accordingly, the 
culture should be managed and inactivated in a manner that minimizes the loss of 

10 protective antigens (immunogens) from the bacteria to the medium. This requires, 
first, that the inactivating agent, when used, should be added when the culture is still 
in the exponential ("logarithmic*) phase of the growth cycle. At this stage, virtually 
100% of cells are alive and dividing and, accordingly, their structural integrity is 
complete. As soon as the growth rate slows (the transition phase), increasing 

15 numbers erf bacteria are dead or dying and beginning to disintegrate, shedding both 
antigens and endotoxin. The inactivating agent should preferably be a fixative, ix, 
an agent that binds the cellular structure and prevents disintegration. 

Formaldehyde solution (formalin) is die most broadly useful inactivating 
agent Formalin permits some release of endotoxin during the killing of die 

20 bacterial cells but this is easily removed from solution by the method of this 
invention. Once the culture is inactivated, that is little further loss. Glutanddehyde 
is even more effective, binding endotoxin that is already free in the culture medium; 
free-endotoxin actually decreases during inactivation. As discussed above, 
however, giutaraldehyde can be used only in cultures in completely synthetic media. 

25 The preparation may be diluted for use as a vaccine. The vaccine may 

contain other ingredients such as adjuvants, additional mineral carriers and a variety 
of other antigens as is known to those in the art 
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m amrtheraspect of this invent**, there is pmvktodamc^ofvaccfaaring 
animals against GnutHiegative bacterial infections comprising administering to the 
^.nefiet^anwumofto An effective amount of 

v^fcthatan^umc^ The d&c** sneunt wffl 

5 ygrywim the antigen and canberea^ 



taanfflHtegarivebacteriauan^ 

efficacy of these vaccine*, ^examples axe iltasttative^ 

scope of the invention 
10 Example 1 - PREPARATION OF B. COU VACCINE 

B. coU. twdn NADC 1471 (pDns type K99) fiom ttoNatkmd Animal 

Disea*eCfcnter,Ai»es.^ 

3TC with aeration, ft* 16 to 32 noma on agar plateaorl2»321*unmflad* 
THe production growth cyde is fiom 4 to 12 houmwim controlled agitation. 
15 ThesynmeJiccultiireinediumte 

NttA 4.50 gKH 2 K>4, and !7.0gNa 2 HPO 4 are combined to distilled water; the 
pHu adjusted to 7/* ±02 units with 
a^ving. Stu^ofMgS0 4 -7H 2 0<P^ 

glncose (5j0 g) are each prepared separately as concentrates, sterilized by filtration 
20 gadaddedmthe base medium. Ifreo^animitumalsupplem^ 

culture during tte The supplement provide, tagredientito 

ttofcllowtogmaxfainmamon^ 9.12gKH 2 P0 4 , 
34j0gNa2HPO4.1i»gMgSO^7H20,0.igFeSO4.7^indl5i)gGb^ 

TheKH 2 P04«^Na 2 HP0 4 »ecombii^tofi^ . 
25 .otodaving The solutions of MgSO^TH^ FeS0 4 .7H 2 O f and glucose are each 
prepared separately as contmnntea, and sterilized by filtration. 

Toiiiacavatethecultiire 
fomialmCFbnnaldehydeSolu^ 
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concentration of about 0.5% v/v. The culture is inactivated overnight in the 
fcnnentor at 37°C ± 1°C with low-speed stirring. 

For the concentrating step, the inactivated culture is passed through a 

Sharpie* CXuUiiiUuui fiuw centrifuge, which sediments the bttCicritt as & paste. 
5 Alternatively, the bacteria may be concentrated by ultrafiltration under standard 
conditions. The bacteria sic concentrated to a value that is ten time the 
concentration in the finished vacdne, ix. t 1 x 10 10 bacteria per mL. The bacterial 
count of the concentrate may be determined by either the Petroff-Hauscr method or 
Coulter counter. The concentrate is then diluted by adding phosphate-buffered 

10 saline (PBS), pH 7.2 ± 0^, so that an immunogenic amount, or antigen dose, is 
contained in 0.2 mL, the final dose volume being 2 mL. 

By titration at pH 6.5 it was determined that the addition of Rehydragel™ 
carrier to a final 20% v/v resulted in a frec-endotorin value of 270 EUi per mL 
(mean of 3 batches) in the concentrate. This value is within the most preferred 

15 range of 20 to 500 EUs per mL chosen as the end-point of the titration. This 
amount of carrier is thus added to the concentrated suspension and adsorption 
occurs* 

To prepare a vaccine composition, 12.5 mL of the resulting adsorbed 
concentrate is diluted with PBS to a final volume of 100 mL. The volume of 12.5 
20 mL consists of 10 mLcrf die resuspended bacteria and 2JmLoftbegeL In the 
vaccine, accordingly, the original cell suspension is diluted by the required factor of 
10 (0.2 mL in a 2 mL dose) and the gel is present at a final concentration of 2.5% 
v/v, meeting the most desirable standard of < 3% v/v. Merthiolate 10% solution is 
added to die assembled serial as a preservative. Final concentration of merthiolate 
25 does not exceed 0.01% weight per volume. 

Antigenicity of a vaccine prepared as described above was tested as follows. 
Twenty mice were each injected subcutaneously with 02 mL of a 20-fold dilution 
of the vaccine, Le-, one four-hundredth erf the cattle dose. At three weeks, the mice 

-11- 
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wewbkd. Serum samples from the mice w« 
alternation le*^ 

havinjK 00 !^ Theirsemh^^ * 

te 2 -PREPARATION OF A. Fkaspsssssssles VACCINE 

Avoca, Iowa), serotype 5 (strain K-17; Dr. Schuta; Avoca, fcwa) and serotype 7 
(,jrainWP^SnuthKlii*Beec^ 

v^bytbemethodoftbeinventtaL The three A. pleuropneumotdae strains 
were cultured inlaid medium [Gib^Labon 

#90-5066] at 37±l°Cfor4tt>24 hours. The dissdved oxygen value of 30% was 
coaaolled by aeration wimsterfleair^ StenTeaiitifoam solution 

wag used to coiurd foam and was aided before ^ 
pH of tte culture wasmamtai^ 
4NHCL 

At the end of exponential growth, each au^waachmedtoatempetatore 
of20X»arrest growth. The dulled culture was cen^ 
coDeco^asaveiydenre suspend The suspension was heated at 56* 

± i^wim agitation lor one hour. The suspenaion was then «nttifuged,andthe 
^penatantfluidC^^ Sterile 10* nrerthiohue and 10% ethylene- 

20 dianmretetraacericaddCEOT 

concentrations of O01% and 0.07% (weight per volume), respectively. The extracts 
passed through sterile 0.45 and 03 urn filters and stored at 2°C - 7°C until 



t prepared as follows. Thecarbohydrarecomentof each 
.determined by d»phenol method, aiidi»x)0^by theLowiyinethod. 
The nmleculesmmeextraa were then c^ 
gtatsnddehyde. A25% sdution of glutamldehydewas 
ram of lnipergram of total protem To neutraHre any residual glutanudehyde, a 
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wiationof lysine was then added to the extract at the rate of 12J mg of lysine per 
mL of the glutaraldehyde solution. This mixture was incubated at room temperature 
for two houn with agitation and stored at 4°C overnighL 

Esdracu of th* three serotypes were combined acceding to their 
5 carbohydrate assay value, so that a 2 mL dose of vaccine contained 20 |Xg of 
carbohydrate of each serotype (10 jig/mL). Before absorbing with aluminum 
hydroxide gel die volume of the combined concentrate was adjusted to l/40th of the 
final volume of the batch. This required the addition erf a small volume of PBS. 
A titration showed that when Rehydragel™ carrier was added at pH 6.5 to 

10 the adjusted concentrate at the rate of 39 mL gel per 100 mL concentrate, to give a 
final 28% v/v, ftte-endotoxin was decreased to 47 0 EU per mU within the desired 
range of 20 to 500 EU per mL. 

To make one liter of product, a sufficient amount of each serotype was 
added to the vessel to contribute 10,000 \ig (10 mg) carbohydrate. PBS was added 

15 to bring the volume to 25 mL. Rehydragel™ carrier was then added in a volume of 
9.75 mL (39% of 25 mL). The pH was adjusted to 6.5 and the mixture was stirred 
for 1 hour at room temperature. A 40% emulsion of Amphigen adjuvant 
[Hydronics, Inc.] was added next in a volume of 125 mL (me eighth erf the final 
volume), to give a final 5% v/v Amphigen adjuvant in the vaccine. The volume was 

20 then increased to 1 liter by the further addition of PBS. The final concentration of 
Rehydragel™ carrier was thus 0.98% v/v, a very desirable value for the avoidance of 
tissue reactions at the injection site. 

Example 3 • SAFETY AND EFFICACY OF A pleuropneumonia* VACCINES 
TUs example illustrates the lafety and efficacy of vaccines prepared 
25 according to the method described in Examples 2. 
A. Safety 

Two vaccines were made from the same set of extracts as described in 
Example 2 above. One was prepared by the process <rf die present invention, ie., 

•13- 
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.dsorUngtteglnia^ 

ts described in Example 2 (Product A). The other was prepared from the 
Blmto hydroxide^ Asplaabo.anu^wa.pici^ti^ 



15 



25 



Weaned (3 - 4 week old) pigs woe xandomly assigned to three groups and 
injecwlintrmuscnlariyind^ 

Each pigieceived two (2) mLdosesof the appropriate vaccine at a ftroe-week 
fattrvaL Kgaweroassigiuxitotbeprodn^^ Pl ° duCtA 

10 (65), ProdactB (35)/and Placebo (40). 

When amyed with the dmmogenic latest, the Produa 

haveafree^ndotoxmcontentofO^pgptt 
Fnxluc*B9.636ug per dose. ForA.j»fei«*i*«^^ 
haveendotoxin levelsfess dan abontlMg per dose. In Group A. the pigs receiving 
vaccine prepared by the methedrf 

nan^labtnedheathiiigatotfaeto The rest of the group showed 

no systendc reactions. In Group B, given die conventional vaccine, most of the pigs 
developed typical endoto^ 

depression, during a period of 2 to 3 hours followiiujvacc^^ 
20 ChoupB. shock was seen m 30 after tte 

injection. The i»acebo group showed no systemic teactions. 

None of the pigs many group had local reactions dete ct an fr cl ini ca lly or at 



B. Efficacy 

The inununityrfthe pigs was challenged 
Bvevirulemculturea^rid-per 

x 10° colony forming united (CFUVmL). serotype 5, strain K-17 C7.1 * 10* 
CFU/mLX or serotype 7. strain WF 83 (1-55 x lO* CFU/mL), one week after the 
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second vaccination. Prior to challenge, three pigs had died from unrelated causes in 
Group A, four in Group B, and six in the placebo group. Pigs that died during die 
days following challenge were subjected to autopsy as soon as possible. Survivors 
were killed and examined at 7 to 8 days. 

5 At autopsy, die lungs of each pig were weighed Pneumonic lesions were 

then excised and weighed and the lesion weight was calculated as a percentage of 
total lung weight Separately, the pigs were scored according to a scale of severity 
for suppurative pneumonia* fibrinous pleuritis, and serous fluid in the thoracic 
cavity. The results are summarized in the following table. 

10 Statistical analysis (Mann-Whitney U test) of the percent lung damage of 

pigs challenged with each serotype showed a significant difference (a « 0.05 ) 
between Group A and the placebo group and Group Band the placebo group, as 
reported in Table I below. Statistical analysis (Mann-Whitney U test) of associated 
lung lesion scores also showed a significant difference between Group A and the 

15 placebo group and Group Band the placebo group. The small differences in percent 
damage and lesion score, between Groups A and B, were not significant 

TABLE 1 

Mean values at autopsy 



Challenge serotype Vaccine Lesion % Lesion score 



1 


Group A 


41 


2J5 




Group B 


38 


2.7 




Placebo 


84 


5.3 


5 


Group A 


39 


2.6 




Group B 


38 


22 




Placebo 


78 


5.1 


7 


Group A 


32 


1.8 




Group B 


24 


1.4 




Placebo 


72 


4.7 
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These result* show that vaccine A, which wasi«eparedaccoriingtothe 
invention was juat as effi^^ 

from injection-rite reactions. However, in contraat with the conventional vaccine, 

u-hich indu ~* *~^nt«»e ifaocfc in most of the niga. vaceiae A proved to be almost 
5 lotaUy^ of syitenifc nativity; the transient 

pigs was not believed to be lypfcal erfendotoxfc shock. 

Io rammazy, the pnxess of tins invention achieved die desired effect of 

eliminating endotoxic shock without loss of efficacy and, rignificandy, without 

fntrndncmg unacceptable injection rite reactions. 
10 Numerous moa^atioiu and varktkms of 

in this ipecificaticfl and arc expected to be ob Such 

modIfiC aifo M and altered^ 
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Claim 

L A method of preparing Gram-negative bacterial vaccines comprising 
providing a concentrated Gram-negative bacterial antigenic preparation, adsorbing 
the preparation with a mineral carrier capable of binding fttt-endoiOKin in die 
5 antigenic preparation in an amount effective to produce optimal binding of 
end otoxin and antigen and dilating the adsorbed preparation for use in a vaccine, 
whereby the amount of mineral carrier in the vaccine is less than if the mineral 
carrier had been added to an onconcentrated antigenic preparation or to the final 
vaccine. 

10 2. The method of claim 1 wherein the effective amount of mineral 

carrier is vr******* by a finee-endotoxin concentration in the adsorbed preparation in 
the range of from about 20 to about 1000 endotoxin units per ml. 

3. The method of claim 1 wherein the mineral carrier is an aluminum 
hydroxide gel* 

15 4. The method of claim 1 wherein the Gram-negative bacterial antigenic 

preparation comprises E. coti. 

5. The method of claim 1 wherein the Gram-negative bacterial antigenic 
preparation comprises AcdnobadUus pleuropneumoniae. 

6. The method of claim 1 wherein the Gram-negative bacterial antigenic 
20 preparation is at least ten times as concentrated as it is in the final vaccine. 

7. A vaccine produced by die method of claim 1. 

8. An improved Gram-negative bacterial vaccine wherein the 
improvement comprises a concentration of mineral carrier in the vaccine which is 
less than 5.0% v/v. 

23 9. A Gram-negative bacterial vaccine comprising a mineral carrier 

wherein the amount of the mineral carrier in the vaccine has been predetermined by 
a method comprising providing a concentrated Gram-negative bacterial antigenic 
preparation, adsorbing the preparation with a mineral carrier capable of binding 
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ftBeNe0d0 wda in the antigemc preparation in an amount effective to produce 
opttaal binding of endowrin and antigen and<aotii«iheadKjrt>cdp«pa^far 
ne fa » vaccine, whereby the amount of iniiienlcmiermibevacciiieitleMiluntf 

dsccdssrsl csnis bad been added to an Hnsnnsenffstsd antigenic preparation or to 

5 (be final vaccine 

m Aincthodofvacdnatinganannnala 
infection* comprising administering « the animal an elective amount of the 
vaccine of claim 7ar 8* 
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